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Devwudfw
Wklv sdshu lqyhvwljdwhv wkh h￿hfwv rq wdflw frooxvlrq ri lqfuhdvhg
pdunhw wudqvsduhqf| rq wkh frqvxphu vlgh dv zhoo dv rq wkh surgxfhu
vlgh ri d pdunhw1 Lqfuhdvlqj pdunhw wudqvsduhqf| rq wkh frqvxphu
vlgh/ lqfuhdvhv wkh ehqh￿wv wr d ￿up iurp xqghufxwwlqj wkh frooxvlyh
sulfh1 Lw dovr ghfuhdvhv wkh sxqlvkphqw sur￿w +zkhwkhu wkh sxqlvk0
phqw lv Qdvk0uhyhuvlrq ru rswlpdo sxqlvkphqw,1 Wkh qhw h￿hfw lv wkdw
frooxvlrq ehfrphv kdughu wr vxvwdlq1 Lqfuhdvlqj pdunhw wudqvsduhqf|
rq wkh surgxfhu vlgh idflolwdwhv frooxvlrq1 Zkhq wudqvsduhqf| lv lq0
fuhdvhg rq erwk vlghv/ wkh qhw h￿hfw lv wkdw frooxvlrq ehfrphv kdughu
wr vxvwdlq1
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44 Lqwurgxfwlrq
Wkh dgyhqw ri wkh Lqwhuqhw kdv wkh srwhqwldo ri lqfuhdvlqj pdunhw wudqv0
sduhqf| lq pdq| pdunhwv1 Zkloh frqvxphuv ehiruh kdg wr vshqg frqvlghudeoh
wlph vhdufklqj pdq| pdunhwv/ wkhuh duh qrz pdq| zhoo0hvwdeolvkhg zhevlwhv
zkhuh sulfh frpsdulvrqv duh dydlodeoh zlwk d folfn rq wkh prxvh1 Vlploduo|/
frqvxphu djhqflhv wu| wr pdnh pdunhwv pruh wudqvsduhqw lq ydulrxv zd|v/
iru lqvwdqfh wkrxjk pdjd}lqhv dqg djdlq wkurxjk zhevlwhv1 Qhzvsdshuv ri0
whq kdyh zhhnhqg vhfwlrqv/ zkhuh d pdunhw lv vxuyh|hg dqg sulfhv frpsduhg1
Lq wkhvh +dqg pdq| rwkhu, fdvhv pdunhw wudqvsduhqf| lv lpsuryhg qrw e|
wkh upv vhoolqj lq wkh pdunhw exw e| rxwvlgh djhqwv1 Wkh fuhdwlrq ri wkh
Wkh Hxurshdq Lqwhuqdo Pdunhw zdv sduwo| prwlydwhg e| jryhuqphqwv* eholhi
+ru krshB, wkdw wudqvdfwlrq frvwv zrxog ghfuhdvh dqg wudqvsduhqf| zrxog
lqfuhdvh vr frpshwlwlrq lqwhqvlhg1 Wklv dfwxdol}hv dq rog txhvwlrq lq wkh
frpshwlwlrq srolf| ghedwh= lv pdunhw wudqvsduhqf| jrrg ru edgB Grhv lw
surprwh frpshwlwlrq dqg vkrxog d frpshwlwlrq dxwkrulw| surprwh lw ru qrwB
Wkh sxusrvh ri wklv sdshu lv wr fdvw oljkw rq wklv txhvwlrq lq d glhuhqwldwhg
gxrsro|1 Lq sduwlfxodu/ zh zloo lqyhvwljdwh zkhwkhu lpsuryhg wudqvsduhqf|
zloo idflolwdwh frooxvlrq ru qrw1 Zh zloo glvwlqjxlvk ehwzhhq lpsuryhg wudqv0
sduhqf| rq wkh frqvxphu vlgh dqg rq wkh surgxfhu vlgh ri wkh pdunhw1
Lq wkh frpshwlwlrq srolf| ghedwh/ lpsuryhg wudqvsduhqf| lv w|slfdoo|
ylhzhg dv surprwlqj frpshwlwlrq li lw dhfwv wkh frqvxphu vlgh ri wkh pdu0
nhw1 Krzhyhu/ wkh dujxphqwv khuh riwhq uhihu wr d vwdwlf vhwwlqj1 Rq wkh
rwkhu kdqg/ lpsuryhg wudqvsduhqf| rq wkh surgxfhu vlgh lv w|slfdoo| wkrxjkw
wr eh dqwl0frpshwlwlyh/ vhh iru lqvwdqfh Nxkq dqg Ylyhv +4<<8,1 Li upv duh
xqfhuwdlq derxw wkhlu frpshwlwruv* sulfhv/ wdflw frooxvlrq lv kdughu wr pdlq0
wdlq1 Dv ruljlqdoo| qrwhg e| Vwljohu +4<97, dqg Juhhq dqg Sruwhu +4<;7,/
zkhq upv vhhn wr frooxgh/ lw lv pdwhuldo wkdw sulfh xqghufxwwlqj lv ghwhfwhg
5vr wkdw d sxqlvkphqw fdq eh frpphqfhg1 Wdnhq dorqh wklv hhfw lpsolhv
wkdw lqfuhdvhg wudqvsduhqf| idflolwdwhv frooxvlrq1 Lpsuryhg wudqvsduhqf| rq
wkh frqvxphu vlgh kdv glhuhqw hhfwv1 Lq d vwdwlf vhwwlqj/ wkh pdunhw eh0
frphv pruh frpshwlwlyh dv wkh hhfwlyh ghpdqg hodvwlflw| ri d up lqfuhdvhv1
Krzhyhu/ wkh hhfwv rq frooxvlrq duh dpeljxrxv1 Wkh lqfuhdvhg hodvwlflw| ri
ghpdqg pdnhv lw pruh whpswlqj wr xqghufxw wkh rwkhu up> wklv ghvwdelol}hv
frooxvlrq1 Rq wkh rwkhu kdqg/ d pruh vhyhuh sxqlvkphqw lv srvvleoh lq d
wudqvsduhqw pdunhw1 Wklv idflolwdwhv frooxvlrq1 Wkh wrwdo hhfw rq frooxvlrq
lv wkh qhw hhfw ri wkhvh wzr irufhv1 Lq wkh Krwhoolqj prgho ri wkh sdshu/
wkh uvw hhfw grplqdwhv/ vr lpsurylqj wudqvsduhqf| rq wkh frqvxphu vlgh
pdnhv wdflw frooxvlrq pruh gl!fxow wr vxvwdlq1
Lpsuryhg wudqvsduhqf| wkxv dhfwv wkh vfrsh iru frooxvlrq glhuhqwo| gh0
shqglqj rq zklfk vlgh ri wkh pdunhw lv dhfwhg1 Iru wkh frpshwlwlrq dxwkru0
lwlhv/ wkh fuxfldo txhvwlrq lv= Zkdw lv wkh qhw hhfwB Lq wkh glhuhqwldwhg
gxrsro|/ wkh dqvzhu lv fohdu= wkh frqvxphu vlgh hhfw grplqdwhv1 Rq edodqfh/
lpsuryhg wudqvsduhqf| ghvwdelol}hv frooxvlrq1
Zh lghqwli| pdunhw wudqvsduhqf| rq wkh frqvxphu vlgh zlwk frqvxphuv*
lqirupdwlrq derxw wkh sulfhv fkdujhg e| wkh upv lq wkh pdunhw1 Vrph
frqvxphuv duh lqiruphg derxw sulfhv dqg vrph duh qrw1 Lqiruphg frqvxphuv
duh vxssrvhg wr nqrz erwk upv* sulfhv/ dv wkh| zrxog li wkh| dffhvv d zhe
vlwh frpsdulqj sulfhv1 Wkh xqlqiruphg frqvxphuv kdyh dq h{shfwdwlrq derxw
wkh up*v sulfh1 Lq htxloleulxp/ wklv h{shfwdwlrq lv fruuhfw1 Wkh xqlqiruphg
frqvxphuv dhfwv wkh dprxqw ri ghpdqg d up fdq jdlq e| orzhulqj lwv sulfh1
Vlqfh rqo| lqiruphg frqvxphuv zloo ohduq derxw d sulfh fkdqjh/ wkh hodvwlflw|
ri ghpdqg idflqj d up ghshqgv fuxfldoo| rq wkh vkduh ri frqvxphuv zkr
nqrz wkh up*v sulfh/ dqg wkhuhiruh rq wkh ohyho ri wudqvsduhqf|1
Lq d pdunhw zlwk kljk wudqvsduhqf| rq wkh frqvxphu vlgh/ d up fdq jdlq
6d uhodwlyho| odujh pdunhw vkduh e| orzhulqj lwv sulfh1 Lq vxfk d pdunhw frpsh0
wlwlrq lv lqwhqvh dqg wkh vwdwlf htxloleulxp sulfh lv orz1 Krzhyhu/ wkh hhfw rq
wdflw frooxvlrq lq d uhshdwhg gxrsro| lv pruh frpsolfdwhg1 Wdflw frooxvlrq uh0
txluhv wkdw d srwhqwldo ghyldwlrq iurp wkh frooxvlyh sdwk e| rqh ri wkh upv
fdq eh glvfrxudjhg e| d vx!flhqwo| kdug sxqlvkphqw1 Zh vwxg| wkh fdvh
zkhuh wkh sxqlvkphqw frqvlvwv ri uhyhuvlrq wr wkh vwdwlf Qdvk0htxloleulxp
lq doo ixwxuh1 Zlwk Qdvk0sxqlvkphqwv/ wkh surw lq wkh sxqlvkphqw skdvh
ghfuhdvhv zkhq pdunhw wudqvsduhqf| lqfuhdvhv1 Wklv pdnhv wkh sxqlvkphqw
skdvh pruh vhyhuh/ dqg wklv hhfw sxoov lq wkh gluhfwlrq ri pdnlqj lw hdvlhu
iru upv wr frooxgh rq kljk sulfhv1 Exw wkhuh lv d frxqwhuydlolqj hhfw1 Wkh
kljkhu wkh pdunhw wudqvsduhqf|/ wkh odujhu pdunhw vkduh fdq eh jdlqhg e|
xqghufxwwlqj wkh rwkhu up/ lqfuhdvlqj wkh whpswdwlrq wr ghyldwh iurp wkh
frooxvlyh sulfh1 Lq wkh prgho wkh vhfrqg hhfw grplqdwhv wkh uvw/ dqg wkh
uhvxow lv wkdw lqfuhdvlqj wudqvsduhqf| pdnhv frooxvlrq pruh gl!fxow iru upv
wr vxvwdlq1 Wklv vkrzv xs lq wzr zd|v= uvw/ wkh vpdoohvw glvfrxqw idfwru qhf0
hvvdu| iru vxvwdlqlqj frooxvlrq rq wkh prqrsro| sulfh lv lqfuhdvlqj lq pdunhw
wudqvsduhqf|1 Vhfrqgo|/ li wkh glvfrxqw idfwru lv wrr vpdoo iru frooxvlrq rq wkh
prqrsro| sulfh wr eh ihdvleoh/ wkh pd{lpdo sulfh +dqg wkhuhiruh wkh surw,
wkdw wkh upv duh deoh wr vxvwdlq wkurxjk wdflw frooxvlrq lv ghfuhdvlqj lq wkh
ohyho ri pdunhw wudqvsduhqf|1
Dv lv zhoo nqrzq/ li wkh glvfrxqw idfwru lv orz/ upv pd| gr ehwwhu e| xvlqj
kdughu sxqlvkphqw skdvhv wkdq uhyhuvlrq wr wkh rqh0vkrw Qdvk htxloleulxp1
Zh wkhuhiruh dovr frqvlghu rswlpdo v|pphwulf vwlfn dqg fduurw htxloleuld1 Wkh
uhvxow lv wkh vdph= lqfuhdvlqj wudqvsduhqf| rq wkh frqvxphu vlgh ghfuhdvhv
wkh frooxvlyh sulfh dqg surw1
Pdunhw wudqvsduhqf| rq wkh surgxfhu vlgh lv lghqwlhg zlwk wkh sured0
elolw| d ghyldwlrq zloo eh revhuyhg e| wkh frpshwlwruv1 Wkh vpdoohu lv wklv
7suredelolw|/ wkh pruh whpswlqj lw lv iru d up wr fkhdw rq wkh wdflw frooxvlrq
dqg xqghufxw wkh rwkhu up1 E| lwvhoi wklv pdnhv frooxvlrq kdughu wr vxvwdlq1
D qdwxudo ehqfkpdun lv zkhq wkh wudqvsduhqf| lv htxdo rq erwk vlghv ri wkh
pdunhw1 Zh lghqwli| wklv vlwxdwlrq zlwk d fdvh zkhuh wkh suredelolw| wkdw
d udqgrpo| fkrvhq frqvxphu lv lqiruphg lv htxdo wr wkh suredelolw| wkdw d
up lv lqiruphg derxw wkh frpshwlwru*v sulfh1 Iru wklv fdvh zh vkrz/ wkdw
lqfuhdvlqj wudqvsduhqf| rq erwk vlghv ri wkh pdunhw xqdpeljxrxvo| ghvwdel0
ol}hv frooxvlrq1 Wkh orzhvw glvfrxqw idfwru qhhghg wr xskrog frooxvlrq rq wkh
prqrsro| sulfh lqfuhdvhv dqg wkh kljkhvw sulfh/ zklfk fdq eh xskhog lq wdflw
frooxvlrq zkhq wkh glvfrxqw idfwru lv uhodwlyho| orz/ ghfuhdvhv1
Pdunhw wudqvsduhqf| lv ylhzhg glhuhqwo| lq glhuhqw frxqwulhv dqg e|
glhuhqw frpshwlwlrq dxwkrulwlhv1 Zkloh wkh suhylrxv Gdqlvk frpshwlwlrq
dfw dfwlyho| wulhg wr surprwh wudqvsduhqf| lq rughu wr lqfuhdvh frpshwlwlyh0
qhvv +vhh Doeén/ Pûoojddug dqg Ryhujddug +4<<7,,/ wkh Gdqlvk jryhuqphqw
qrz dfnqrzohgjhv wkdw/ dowkrxjk wudqvsduhqf| pd| eh jrrg lq vr idu dv lw lq0
fuhdvhv frqvxphuv* lqirupdwlrq/ lw pd| khos upv frooxgh li lw lqfuhdvhv upv*
lqirupdwlrq/ vhh h1j1 Hukyhuyvsrolwlnhq +4<<<,1 Wkh HX frpplvvlrq vhhpv wr
kdyh d pl{hg ylhz1 Nxkq dqg Ylyhv +4<<8, frqfoxgh wkdw wkh Frpplvvlrq
prvwo| irxqg lqfuhdvhg wudqvsduhqf| lq wkh irup ri sulfh0dqqrxqfhphqwv e|
upv dv dqwl0frpshwlwlyh1 Krzhyhu/ wkh lqwhuqdo Hxurshdq pdunhw dv zhoo dv
wkh vlqjoh Hxurshdq fxuuhqf| kdv riwhq ehhq vhhq dv dgglqj wr wudqvsduhqf|
dqg wkhuhiruh frpshwlwlyhqhvv1
Pdunhw wudqvsduhqf| kdv ehhq dqdo|}hg iurp glhuhqw dqjohv lq wkh olw0
hudwxuh1 Wkh olwhudwxuh rq dgyhuwlvlqj fdq eh vhhq dv frqwulexwlqj wr xqghu0
vwdqglqj pdunhw wudqvsduhqf|1 Qrwlfh/ krzhyhu wkdw lq wklv fdvh wkh upv
sduwlflsdwlqj lq wkh pdunhw dfwlyho| dhfwv pdunhw wudqvsduhqf|1 Lq wklv
vhqvh wkhuh lv d glhuhqfh wr wkh suhvhqw sdshu/ zkhuh zh frqvlghu wkh fdvh
8zkhuh pdunhw wudqvsduhqf| li dhfwhg e| rxwvlgh djhqwv1 Wkh olwhudwxuh rq
dgyhuwlvlqj/ vhh h1j1 Ehvwhu dqg Shwudnlv +4<<8,/ whqg wr dujxh wkdw lqfuhdvhg
dgyhuwlvlqj ohdgv wr orzhu sulfhv1 Wklv lv dovr wkh uhvxow ri wkh vhdufk olwhud0
wxuh1 Orzhulqj vhdufk frvwv lqfuhdvhv vhdufk dqg wklv lqwhqvlhv frpshwlwlrq>
vhh Exughww dqg Mxgg +4<<6,1 Dqghuvrq dqg Uhqdxow +4<<<, vwxg| sulfh
frpshwlwlrq zkhq frqvxphuv kdyh wr vhdufk iru sulfhv dqg surgxfw fkdudf0
whulvwlfv1 Wkh| vkrz wkdw pdunhw sulfhv ulvh zlwk vhdufk frvwv1 Rq wkh rwkhu
kdqg/ fduwho wkhru| vwhpplqj edfn wr Vwljohu +4<97,/ Juhhq0Sruwhu +4<;7, dqg
rwkhuv/ vhh Wluroh +4<;;, iru dq ryhuylhz/ kdv srlqwhg wr wkh dqwl0frpshwlwlyh
hhfwv ri lqfuhdvhg wudqvsduhqf| iru wkh uhdvrqv ghvfulehg deryh
Qlovvrq +4<<<, frqfhqwudwhv rq wkh frqvxphu vlgh1 Kh frqvlghuv wdflw
frooxvlrq lq d uhshdwhg vhdufk prgho d od Exughww dqg Mxgg +4<<6,1 Khuh
orzhulqj vhdufk frvw orzhuv wkh sulfh lq d rqh vkrw htxloleulxp/ exw idflolwdwhv
frooxvlrq lq wkh uhshdwhg jdph1 Lq Qlovvrq*v prgho/ prvw ri wkh frqvxphuv
ghflgh zkhwkhu wr vhdufk wdnlqj lqwr dffrxqw wkh h{shfwhg ehqhwv iurp
vhdufklqj/ zkloh d iudfwlrq ri wkh frqvxphuv dozd|v vhdufk1 Wkh pdmrulw| ri
frqvxphuv wkhuhiruh vwrs vhdufklqj li upv vhw wkh vdph sulfhv1 Wklv kdsshqv
li wkh upv frooxgh rq d kljk sulfh1 Vlqfh prvw frqvxphuv gr qrw vhdufk lq
wklv fdvh/ d up/ zklfk xqghufxwv wkh rwkhu up/ zloo rqo| dfklhyh d uhod0
wlyho| vpdoo lqfuhdvh lq ghpdqg1 Wklv idflolwdwhv frooxvlrq1 Lq wkh sxqlvkphqw
skdvh ri wkh frooxvlyh htxloleulxp/ krzhyhu/ upv gr qrw vhw wkh vdph sulfh/
+wkh| sod| d pl{hg vwudwhj|, wkhuhiruh vhdufk rffxuv dqg lqfuhdvlqj wudqv0
sduhqf| wkurxjk orzhulqj vhdufk frvwv lqwhqvlhv frpshwlwlrq lq wklv skdvh1
Wkxv lqfuhdvlqj wudqvsduhqf| lqfuhdvhv vhdufk lq wkh sxqlvkphqw skdvh exw
qrw lq wkh frooxvlyh skdvh/ dv d uhvxow lqfuhdvlqj wudqvsduhqf| idflolwdwhv fro0
oxvlrq1 Lq p| prgho/ rq wkh frqwudu|/ lqfuhdvlqj wudqvsduhqf| lqfuhdvhv wkh
lqirupdwlrq ohyho ri frqvxphuv lq erwk skdvhv dqg wkh uhvxow lv wkhuhiruh
9glhuhqw1
Pûoojddug dqg Ryhujddug +5333, dovr vwxg| wkh frqvxphu vlgh1 Wkh|
lghqwli| wudqvsduhqf| zlwk wkh delolw| ri frqvxphuv wr frpsduh wkh fkdudf0
whulvwlfv ri jrrgv dqg vhuylfhv1 Wkh| vwxg| dq dgdswhg uhshdwhg yhuvlrq ri
Vlqjk dqg Ylyhv +4<;7, prgho ri d glhuhqwldwhg gxrsro|1 Wkh| lqwhusuhw wkh
vxevwlwxwdelolw| ri wkh jrrgv lq wkh frqvxphuv* xwlolw| ixqfwlrqv dv d phdvxuh
ri wudqvsduhqf|1 Lqfuhdvhg wudqvsduhqf| wkhuhiruh pdnhv frqvxphuv vzlwfk
surgxfhu pruh hdvlo|1 Lq frooxvlyh wuljjhu0vwudwhj| htxloleuld/ wklv lqfuhdvhv
wkh whpswdwlrq wr xqghufxw wkh rwkhu up 0 vlqfh pruh ghpdqg zloo eh jdlqhg1
Krzhyhu/ lw pd| dovr pdnh wkh sxqlvkphqw skdvh ri wkh htxloleulxp pruh
vhyhuh1 Dq rswlpdo ghjuhh ri wudqvsduhqf| wkhuhiruh h{lvwv1 Wkhlu sdshu
0 dv zhoo dv wkh suhvhqw 0 lv uhodwhg wr wkh olwhudwxuh rq vwdelolw| ri froox0
vlrq lq glhuhqwldwhg pdunhwv1 Vhh/ iru h{dpsoh/ Ghqhfnhuh +4<;6,/ Fkdqj
+4<<4,/ Urvv +4<<5, dqg Kçfnqhu +4<<8,1 Wkhvh dxwkruv vkrz wkdw dv surg0
xfwv ehfrph pruh vxevwlwxwdeoh/ ghyldwlrq ehfrphv lqfuhdvlqjo| dwwudfwlyh1
Dowkrxjk wkh sxqlvkphqw skdvh dovr ehfrphv pruh vhyhuh/ wkh uvw hhfw
grplqdwhv dqg frooxvlrq lv kdughu wr pdlqwdlq1 Frpsduhg zlwk wkh suhvhqw
sdshu/ wkh glhuhqfh lv wkdw wklv olwhudwxuh frpsduhv wkh hhfw ri fkdqjlqj
suhihuhqfhv1 Zh ohw suhihuhqfhv dqg surgxfw fkdudfwhulvwlfv uhpdlq {hg dqg
lqyhvwljdwh wkh hhfw ri sulfh wudqvsduhqf|1
Ed|h dqg Prujdq +5333, vwxg| wkh hhfw ri zhe vlwhv lq krprjhqhrxv
surgxfw pdunhwv lq d vwdwlf prgho1 Wkh vlwh0rzqhu pd{lpl}hv surw dqg
fkdujhv upv* d ihh iru dgyhuwlvlqj wkhlu sulfh rq wkh vlwh dqg frqvxphuv d ihh
iru vhhlqj wkh olvwlqjv1 Lq htxloleulxp/ wkhuh lv sulfh glvshuvlrq lq wkh surgxfw
pdunhw1 Wkh| vkrz wkdw wkh lqirupdwlrq vlwh kdv dpeljxrxv zhoiduh hhfwv1
Sduw ri wkh uhdvrq lv wkdw dgyhuwlvlqj ihhv h{fhhg wkh vrfldoo| rswlpdo ohyho1
Wkh rujdql}dwlrq ri wkh sdshu lv wkh iroorzlqj1 Vhfwlrq 5 lqwurgxfhv d
:vlpsoh Krwhoolqj pdunhw1 Qdvk htxloleulxp lv fkdudfwhul}hg lq vhfwlrq 6/
zkloh vhfwlrq 7 ghdov zlwk prqrsro| sulflqj1 Vhfwlrqv 8 dqg 9 vwxg| wkh
hhfw ri wudqvsduhqf| rq wkh frqvxphu vlgh rq wdflw frooxvlrq/ zlwk Qdvk
sxqlvkphqwv dqg rswlpdo sxqlvkphqwv uhvshfwlyho|1 Vhfwlrq : lqfoxghv wkh
hhfw ri wudqvsduhqf| rq wkh surgxfhu vlgh1 Vhfwlrq ; frqfoxghv1
5 D Krwhoolqj pdunhw
Frqvlghu d Krwhoolqj pdunhw zlwk d frqwlqxxp ri frqvxphuv1 Frqvxphu % lv
orfdwhg dw % 5 ^3/4`1 Hdfk frqvxphu hlwkhu ex|v rqh xqlw ri wkh +glhuhqwl0
dwhg, jrrg ru grhv qrw ex|1 Wkhuh duh 5 upv/ orfdwhg dw f dqg 4 uhvshfwlyho|1
Li upv fkdujh sulfhv Rf dqg R￿c frqvxphu % jhwv xwlolw| Rf|% iurp ex|0
lqj rqh xqlw iurp up f dqg   R￿  |E  % iurp ex|lqj d xqlw iurp up
 Wkh sdudphwhu |:flv wkh wudqvsruwdwlrq frvw1 D frqvxphu/ zkr nqrzv
wkh sulfhv ri wkh upv lv wkhuhiruh lqglhuhqw ehwzhhq ex|lqj iurp 3 dqg 4 li







Wkh pdunhw lv qrw frpsohwho| wudqvsduhqw/ vr vrph frqvxphuv duh qrw lq0
iruphg derxw wkh upv* sulfhv1 Wkhuh duh wzr glhuhqw lqirupdwlrq w|shv ri
frqvxphuv= d iudfwlrq  duh lqiruphg derxw erwk upv* sulfhv/ zkloh d iudf0
wlrq E   duh xqlqiruphg1 Wkh yduldeoh  lv rxu phdvxuh ri pdunhw wudqv0
sduhqf|/ wkh kljkhu lv c wkh pruh wudqvsduhqw lv wkh pdunhw1 Zh frqfhlyh
ri wkh lqiruphg frqvxphuv dv kdylqj hdv| dffhv wr wkh sulflqj lqirupdwlrq/
shukdsv wkurxjk dq lqwhuqhw vlwh1 Erwk lqirupdwlrq w|shv ri frqvxphuv duh
vxssrvhg wr eh xqlirupo| glvwulexwhg rq orfdwlrqv1 Lq sulqflsoh rqh frxog ri
frxuvh dovr lpdjlqh wkdw vrph frqvxphuv duh rqo| lqiruphg derxw rqh ri wkh
upv* sulfh1 Wklv zrxog mxvw frpsolfdwh d ihz irupxodv ehorz/ vr zh zloo jr
iru
;Doo frqvxphuv nqrz wkh orfdwlrqv ri wkh upv/ uhjdugohvv ri zkhwkhu wkh|
duh lqiruphg derxw wkh upv* sulfhv ru qrw1 D frqvxphu/ zkr lv xqlqiruphg
derxw up ￿r sulfh kdv dq h{shfwdwlrq Re
￿ ri up ￿r sulfh1 Iru wklv frqvxphu/
wkh h{shfwhg xwlolw| iurp ex|lqj irup up  lv   Re
￿  |% Dq xqlqiruphg














Li wkh frqvxphu kdv d vpdoohu %c vkh ylvlwv up c li wkh frqvxphu kdv d odujhu
% vkh ylvlwv up  D frqvxphu fdq rqo| ylvlw rqh up lq d shulrg1 Khqfh/
lw lv qrw srvvleoh iru xqlqiruphg frqvxphuv wr ylvlw wkh upv lq d vhtxhqfh1
Wr eh frqfuhwh zh dvvxph wkdw wkh wlph olqh lv dv iroorzv1 Iluvw frqvxphuv
irup h{shfwdwlrqv/ vhfrqg upv vhw sulfhv1 Vrph frqvxphuv ehfrph lqiruphg
derxw wkh sulfhv/ vrph gr qrw1 Edvhg hlwkhu rq wkhlu nqrzohgjh ru h{shfwd0
wlrqv derxw sulfhv frqvxphuv ghflgh zklfk up wr jr wr 0 li dq|1 D frqvxphu
fdq rqo| jr wr rqh up1 Wkhq wudqvdfwlrqv wdnh sodfh1










Zh dvvxph wkdw wkh pdunhw lv fryhuhg/ vr wkh ghpdqg iru up 4*v surgxfw lv
  (ERfcR ￿cR e
fcR e
￿
Wkh wlplqj ri wkh jdph lv dv iroorzv/ uvw frqvxphuv irup h{shfwdwlrqv
derxw sulfhv/ Re
fcR e
￿/ u p vv h ws u l f h v /R f cR ￿c zklfk duh revhuyhg e| wkh lq0
iruphg frqvxphuv rqo|1 Wkhq frqvxphuv ghflgh zklfk up wr ylvlw dqg wudqv0
dfwlrqv duh fduulhg rxw1 Wkh upv* sulfhv duh vhw vlpxowdqhrxvo|1 Dw wkh sulfh
vhwwlqj vwdjh/ wkh upv wdnh wkh h{shfwhg sulfhv dv jlyhq1 Wkh uhvxow zloo gh0












￿Udwlrqdo h{shfwdwlrqv hqvxuh wkdw lq htxloleulxp/ wkhuh zloo
eh qr frqvxphuv/ zkr duh vxusulvhg e| d kljk sulfh ri d up/ dqg zkr zrxog
f r q v h t x h q w o |o l n hw rj rw rw k hr w k h u u pd i w h u u v wy l v l w l q jd u p 1
6 Vwdwlf Qdvk htxloleulxp
Zh uvw frqfhqwudwh rq wkh rqh shulrg Qdvk htxloleulxp1 Iru vlpsolflw| zh
glvuhjdug frvwv/ vr up f￿r surw lv Zf ' Rf(ERfcR ￿cR e
fcR e
￿Hdfk up wdnhv
wkh sulfh h{shfwdwlrqv dv zhoo dv wkh rwkhu up*v sulfh dv jlyhq dqg vhhn wr




























Xvlqj udwlrqdo h{shfwdwlrqv/ Re
f ' Rf dqg Re





Ilup f fkrrvhv d sulfh vr wkdw wkh hodvwlflw| ri ghpdqg htxdov  ￿
￿ Dvvxp0
lqj wkh pdunhw lv fryhuhg/ vr wkdw doo frqvxphuv ex|/ wkhq lq d v|pphwulf
htxloleulxp/ %ERfcR ￿' * 2 Xvlqj htxdwlrq +4,/ zh wkhq jhw wkdw wkh Qdvk






zklfk lv fohduo| ghfuhdvlqj lq  Wkxv pruh wudqvsduhqf| lqfuhdvhv frpshwl0
wlrq dqg orzhuv wkh Qdvk0htxloleulxp sulfh1 Wkh lqwxlwlrq lv fohdu iurp wkh
uhzulwwhq uvw rughu frqglwlrq +7,1 Zkhq d up ghfuhdvhv lwv sulfh/ wklv lv
43rqo| qrwlfhg e| wkh lqiruphg frqvxphuv/ vr wkh| duh wkh rqo| wr lqfuhdvh
ghpdqg1 Wkh odujhu lv wkh iudfwlrq ri lqiruphg frqvxphuv/ c wkh odujhu lv
wkh ghpdqg hhfw iurp orzhulqj sulfh dqg wkh pruh lqwhqvh frpshwlwlrq lv
dprqj wkh upv1 Lw lv vwudljkwiruzdug wr fkhfn wkdw wkh vhfrqg rughu frq0
glwlrq iru pd{lpxp lv ixooohg1 Wkh dvvxpswlrq wkdw wkh pdunhw lv fryhuhg
wdnhv wkdw wkh frqvxphu lq wkh plggoh lv zloolqj wr ex| dw R￿c wklv lv ixooohg





Vr/ pdunhw wudqvsduhqf| vkrxog qrw eh wrr orz1 Li +8, lv qrw ixooohg/ wkh
wudqvsduhqf| lv vr orz wkdw wkhuh hhfwlyho| lv qr frpshwlwlrq lq wkh pdu0
nhw1 Hyhq lq d Qdvk htxloleulxp/ wkh upv duh qrw frpshwlqj derxw wkh
frqvxphuv1 Lq wkh vhtxho zh zloo dvvxph wkdw +8, lv ixooohg1






Vlqfh R￿ lv ghfuhdvlqj lq c vr lv Z￿ Wklv dovr vkrzv/ wkdw li zh frqvlghu
wkh rqh vkrw jdph/ wkh upv 0 mrlqwo|  kdyh qr lqwhuhvw lq surprwlqj pdunhw
wudqvsduhqf|/ dfwxdoo| wkh| kdyh wkh rssrvlwh lqwhuhvw/ vlqfh wudqvsduhqf|
lqwhqvlhv frpshwlwlrq1
Zh pd| qrwlfh wkdw wkh Qdvk htxloleulxp sulfh lv ghfuhdvlqj lq wudqv0
sduhqf| hyhq wkrxjk zh gr qrw pdnh wkh vshfldo dvvxpswlrq ri d Krwhoolqj
pdunhw1 Pruh jhqhudoo|/ dvvxph wkh ghpdqg idflqj up 3 lv jlyhq e| htxd0
wlrq +5,1 Iurp wkh uvw rughu frqglwlrq +6, zh fdq qg wkh hhfw rq up
}hur*v ehvw uhso| sulfh iurp dq lqfuhdvh lq wudqvsduhqf|1 Vwudljkwiruzdug









44zkhuh Zff lv wkh vhfrqg ghulydwlyh ri wkh surw ixqfwlrq/ zklfk lv qhjdwlyh e|
wkh vhfrqg rughu frqglwlrq1 Wklv lpso| wkdw up }hur*v uhdfwlrq ixqfwlrq lv
pryhg lqzdugv zkhq  lqfuhdvhv1 Dv up 4 lv lq d vlplodu vlwxdwlrq/ lwv uhdf0
wlrq ixqfwlrq dovr pryhv lqzdugv1 Frqvhtxhqwo|/ wkh Qdvk htxloleulxp sulfh
idoov1 Dv wkh Qdvk htxloleulxp sulfh lv orzhu wkdq wkh prqrsro| sulfh/ wklv
lpso| wkdw wkh Qdvk htxloleulxp surw idoov li wkh v|pphwulf surw +ZERcR
lv txdvl0frqfdyh1
7 Prqrsro| sulflqj
Qrz frqvlghu wkh fdvh zkhuh upv frooxgh lq rughu wr vkduh wkh prqrsro|
surw1 Zkhwkhu wklv lpso| vhoolqj wr doo frqvxphuv ru qrw ghshqgv rq wkh
vl}h ri wkh wudqvsruwdwlrq frvw | dqg wkh pdunhw wudqvsduhqf|1 Li | lv yhu|
kljk/ lw lv prvw surwdeoh wr vhw d sulfh vr kljk/ wkdw wkh frqvxphuv lq wkh
plggoh zloo qrw ex|1 Li | lv orz dqg  qrw wrr vpdoo/ doo frqvxphuv duh vhuyhg1
Zh zloo frqvlghu wklv fdvhc zkhuh frpshwlwlrq lv prvw lqwhqvh1
Li upv vhoo wr doo frqvxphuv/ vr wkh pdunhw lv fryhuhg/ wkh surw pd{0
lpl}lqj sulfh/ R6c pdnhv frqvxphu % ' * 2lqglhuhqw ehwzhhq ex|lqj ru
qrw1 Khqfh/
R
6 '   |*2 +9,
dqg lq d udwlrqdo h{shfwdwlrqv htxloleulxp zkhuh Re ' R6c upv vhoo wr erwk






Li wkh| fkrrvh sduwldo pdunhw fryhudjh/ wkh| vhoo wr glhuhqw vhjphqwv ri wkh
pdunhw/ frqvxphuv orfdwhg wr wkh ohiw jrhv wr up 3/ frqvxphuv wr wkh uljkw
wr up 41 Frqvlghu up fc lwv pdujlqdo lqiruphg frqvxphu kdv dq % jlyhq
45e|   Rf  |% 'f cl1h1 % 'E R f*| Di u d f w l r qlv lqiruphg derxw up
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Qrwlfh wkdw dovr wkh prqrsro| sulfh lv ghfuhdvlqj lq pdunhw wudqvsduhqf|
zkhq wkh pdunhw lv qrw fryhuhg1 Wkh uhdvrq lv wkdw wkh pruh wudqvsduhqw
wkh pdunhw lv/ wkh pruh ghpdqg wkh prqrsrolvw jdlqv e| orzhulqj wkh sulfh1
Lw lv hdv| wr fkhfn wkdw xqghu dvvxpswlrq +8,/ wkh ghpdqg idflqj up f dw
 R6 : *21 Khqfh/ wkh upv fkrrvh ixoo pdunhg fryhudjh/ dqg wkh prqrsro|
sulfh lv jlyhq e| +9,1
8 Frqvxphu vlgh wudqvsduhqf| dqg frooxvlrq
Qrz zh frqvlghu d uhshdwhg jdph1 Wkhuh duh lqqlwho| pdq| shulrgv/  '
fcc4 Lq hdfk shulrg wkh pdunhw lv dv ghvfulehg deryh1 Ilupv vhhn wr
pd{lpl}h wkh glvfrxqwhg vxp ri surwv dqg erwk kdyh wkh glvfrxqw idfwru
Bc zklfk ixooov f 	B	 Zh zloo dvvxph wkdw d frqvxphu*v lqirupdwlrq
w|sh +dv zhoo dv klv orfdwlrq, lv wkh vdph lq doo shulrgv1 Khqfh/ iru lqvwdqfh
d frqvxphu zkr lv xqlqiruphg derxw up f￿r sulfh/ lv xqlqiruphg ehiruh
wudglqj lq doo shulrgv1 Fohduo|/ li wkh frqvxphu ex|v iurp up fc vkh ohduqv
up f￿r sulfh h{ srvw/ li vkh grhv qrw ex| iurp up f/ vkh zloo qrw ohduq wkh
sulfh1
46Zh zloo vwxg| d udwlrqdo h{shfwdwlrqv htxloleulxp/ zkhuh frqvxphuv* sulfh
h{shfwdwlrqv ghshqg rq wkh upv* sdvw sulfhv1 Zh irfxv rq d wuljjhu0vwudwhj|
htxloleulxp/ zkhuh lq wkh frooxvlyh skdvh/ upv frooxgh rq wkh ehvw srvvleoh
sulfh1 Ghyldwlrqv iurp frooxvlrq duh sxqlvkhg zlwk uhyhuvlrq wr wkh rqh0vkrw
Qdvk htxloleulxp iru wkh uhvw ri wkh jdph dv vxjjhvwhg e| Iulhgpdq +4<:4,1
Dv lv zhoo nqrzq vlqfh wkh zrun ri Deuhx +4<;6, wkhuh pd| eh pruh kduvk
sxqlvkphqw skdvhv/ rq wkh rwkhu kdqg rqh pd| grxew wkh fuhglelolw| ri yhu|
kdug sxqlvkphqw +vhh h1j1 Iduuhoo dqg Pdvnlq +4<<7,,1 Vlqfh wkh wkhru| grhv
qrw surylgh fohdu jxlgdqfh/ zh zloo frqvlghu erwk fdvhv1 Zh uvw frqvlghu
Qdvk sxqlvkphqwv1
Frqvlghu wkh iroorzlqj wuljjhu0vwudwhj| htxloleulxp1 Xqlqiruphg frq0
vxphuv h{shfw d frooxvlyh sulfh R lq shulrg f d q gl qd o oi x w x u hs h u l r g vd v
orqj dv wkh| kdyh rqo| vhhq wklv frooxvlyh sulfh1 Li wkh| rqfh hqfrxqwhu d
glhuhqw sulfh/ wkh| h{shfw wkh Qdvk htxloleulxp sulfh iurp erwk upv lq doo
ixwxuh1 Dv zh zloo vhh wkhvh h{shfwdwlrqv duh udwlrqdo lq htxloleulxp1 Wkh
frooxvlyh sulfh pd| eh wkh prqrsro| sulfh R6 ru vrph vpdoohu sulfh/ zh zloo
lqyhvwljdwh erwk fdvhv1
Dvvxph wkdw wkh upv duh frooxgh rq wkh sulfh/ R Li d up lq rqh shulrg
fkrrvhv dqrwkhu sulfh/ wkhq erwk upv fkrrvh wkh Qdvk htxloleulxp sulfh
R￿E lq doo ixwxuh1
Li d up fkrrvhv R lq doo shulrgv lw hduqv ZER'
R
2 lq doo shulrgv1 Li lw
ghyldwhv iurp frooxvlyh sod|/ wkh ehvw ghyldwlrq sulfh pd{lpl}hv lwv rqh shulrg

















Qrwlfh/ wkdw rqo| d iudfwlrq  zloo ohduq wkdw wkh up kdv orzhuhg lwv sulfh
ehiruh wkh| ghflgh wr ylvlw wkh up1 Wkh uhvw  h{shfwv wkh up wr vhw R
Kdoi ri wkhvh frqvxphuv zloo ylvlw wkh up dqg jhw d qlfh vxusulvh dqg zloo qrw
47ghfolqh wr ex| iurp wkh up1 Wkh rwkhu kdoi zloo qrw revhuyh wkh ghyldwlrq/











zklfk lv ghfuhdvlqj lq  d q go h v vw k d qw k hf r o o x v l y hs u l f hR /z k h qR:| * 
'R ￿Wkh pruh wudqvsduhqw wkh pdunhw lv/ wkh pruh ghpdqg lv fdswxuhg e|
d sulfh ghfuhdvh/ dqg wkh orzhu lv wkh rswlpdo sulfh1









zklfk lv lqfuhdvlqj lq  zkhq R : |* Khqfh/ wkh pruh wudqvsduhqw wkh
pdunhw/ wkh pruh fdq srwhqwldoo| eh jdlqhg iurp ghyldwlqj iurp frooxvlyh
sod|1 Fohduo|/ wklv hhfw e| lwvhoi pdnhv frooxvlrq kdughu wr vxvwdlq1
Lq wkh qh{w shulrg d sxqlvkphqw skdvh zloo vwduw1 Vd| wkdw up f zdv
wkh ghyldwru1 Xqlqiruphg frqvxphuv/ zkr erxjkw iurp up  glg qrw ohduq
wkdw up f ghyldwhg1 Wkh| h{shfw wkdw erwk upv vhw R6 lq wkh uvw shulrg
ri wkh sxqlvkphqw1 Wkh| zloo wkhuhiruh jr wr up  djdlq dqg jhw d qlfh
vxusulvh1 Doo frqvxphuv zkr erxjkw dw up f nqrz wkdw d ghyldwlrq wrrn
sodfh/ vr wkh| zloo h{shfw R￿ Wkh lqiruphg frqvxphuv zloo ri frxuvh nqrz
wkh dfwxdo sulfhv ehiruh wudglqj1 Wkh ghpdqg idflqj up  lq wkh shulrg












dqg wkh vwdwlf ehvw uhso| lv R￿ Vlploduo|/ wkh vwdwlf ehvw uhso| iru up 3 lv
R￿ Lq doo vxevhtxhqw shulrgv ri wkh sxqlvkphqw skdvh/ doo frqvxphuv h{shfw
erwk upv wr vhw R￿c dqg wkh vwdwlf Qdvk htxloleulxp lv R￿ Wklv vkrzv wkdw
wkh sxqlvkphqw skdvh lv vxejdph shuihfw1
48Vxssrvh qrz wkdw wkh upv vhhn wr frooxgh rq wkh prqrsro| sulfh R6
Lq wklv fdvh wkh| hdfk hduq wkh prqrsro| surw shu up Z6 ' R6*2 lq hdfk
shulrg1 Frooxvlrq fdq eh vxvwdlqhg li wkh suhvhqw ydoxh ri prqrsro| surwv












Lqvhuwlqj wkh uhohydqw h{suhvvlrqv/ zh vhh wkdw wklv lv ixooohg zkhq upv duh
vx!flhqwo| sdwlhqw/ qdpho| zkhq
B  7 B 
2  |  2|
2  | nS |
'
H |
2   | nS |

Dv pd| uhdglo| eh fkhfnhg f 	 7 B	 Fohduo|/ 7 B lv lqfuhdvlqj lq wkh pdunhw
wudqvsduhqf|1 Lq wklv vhqvh ixoo frooxvlrq rq wkh prqrsro| sulfh lv pruh
gl!fxow wr vxvwdlq zkhq wkh pdunhw lv pruh wudqvsduhqw1
Vxssrvh B	7 B / wkhq frooxvlrq rq wkh prqrsro| sulfh fdqqrw eh vxvwdlqhg1
Wkh prvw idyrudeoh htxloleulxp iurp wkh srlqw ri ylhz ri wkh upv lqyroyhv
d frooxvlyh sulfh zklfk h{dfwo| pdnhv wkh qrq0ghyldwlrq frqvwudlqw ixooohg/









Lqvhuwlqj wkh uhohydqw h{suhvvlrqv/ rqh qgv wzr vroxwlrqv/ wkh rqh vkrw Qdvk







zklfk |lhogv wkh kljkhvw surw srvvleoh jlyhq wkh frqvwudlqw +44, vkrxog eh
ixooohg1 Fohduo|/ REBc lv ghfuhdvlqj lq wkh pdunhw wudqvsduhqf| dqg vr
lv wkh surw +zklfk htxdov REBc*21 Wkh pruh wudqvsduhqw wkh pdunhw lv/
49wkh ohvv lv wkh pd{lpdo sulfh dqg surw zklfk fdq eh uhdol}hg wkurxjk wdflw
frooxvlrq1 Khqfh/ wkh prgho jlyhv wkh xqdpeljxrxv uhvxow wkdw lqfuhdvlqj
wudqvsduhqf| lv ehqhfldo iru frqvxphuv dqg ghwulphqwdo wr upv1 Wklv uh0
vxow lv/ krzhyhu/ d qhw uhvxow ri wzr rssrvlqj irufhv1 Iluvw/ wkh ghyldwlrq
surw lv kljkhu lq d pruh wudqvsduhqw pdunhw +htxdwlrq +<,,/ wklv pdnhv fro0
oxvlrq kdughu wr vxvwdlq1 Rq wkh rwkhu kdqg/ wkh Qdvk htxloleulxp surw lv
vpdoohu lq d pruh wudqvsduhqw pdunhw/ zklfk pdnhv wkh sxqlvkphqw kdughu1
Khqfh/ wkhuh duh wzr frxqwhuydlolqj hhfwv1 Rq edodqfh/ wkh hhfw rq wkh gh0
yldwlrq surw lv odujhu/ dqg wkhuhiruh wkh qhw uhvxow lv wkdw lqfuhdvlqj pdunhw
wudqvsduhqf| pdnhv frooxvlrq kdughu wr vxvwdlq dqg khqfh wkh frooxvlyh sulfh
dqg surw vpdoohu1
Lq wkh pruh jhqhudo fdvh/ zkhuh ghpdqg lv mxvw jlyhq e| htxdwlrq +5, rqh
uhdglo| qgv wkdw wkh ghyldwlrq surw lv lqfuhdvlqj lq pdunhw wudqvsduhqf| li
wkh upv frruglqdwh rq wkh prqrsro| surw1 Lq wklv fdvh wkh ghyldwlrq surw
htxdov
Z
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Krzhyhu/ lw lv qrw srvvleoh lq jhqhudo wr dvvhvv zkhwkhu wklv lqfuhdvhg ghyld0
wlrq surw lv rvhw e| wkh lqfuhdvhg sxqlvkphqw dvvrfldwhg zlwk wkh vpdoohu
Qdvk htxloleulxp surw1
9 Rswlpdo sxqlvkphqwv
Lq wklv vhfwlrq zh eulh | frqvlghu htxloleuld zlwk rswlpdo v|pphwulf sxqlvk0
phqw skdvhv1 Zkhq wkh glvfrxqw idfwru lv vx!flhqwo| kljk/ uhyhuvdo wr wkh
4:rqh vkrw Qdvk htxloleulxp lv vx!flhqw iru vxvwdlqlqj wkh prqrsro| sulfh1 Iru
orzhu glvfrxqw idfwruv wklv lv qrw srvvleoh/ dqg dv lv zhoo nqrzq/ wkh upv pd|
uhdol}h kljkhu surwv lq wkh qrupdo skdvh ri wkh htxloleulxp e| xvlqj kdughu
sxqlvkphqw skdvhv1 Lq sulqflsoh/ wkhuh duh qr erxqgv ehorz wkh sulfhv wkh
upv fkdujh1 Wkh| frxog hyhq vwduw jlylqj prqh| wr fxvwrphuv e| fkdujlqj
d qhjdwlyh sulfh1 Vlqfh zh glvuhjdug xqlw frvw/ wkh sulfh lq wkh prgho vkrxog
eh frqvlghuhg dv d qhw0ri0frvw sulfh1 D qhjdwlyh sulfh grhv wkhuhiruh qrw qhf0
hvvdulo| lpso| d qhjdwlyh jurvv sulfh1 Lq rughu wr dyrlg frpsolfdwlrqv lq wkh
irupxodv iurp qhjdwlyh sulfhv/ zh zloo krzhyhu dvvxph wkdw wkh sdudphwhuv
ri wkh prgho duh vxfk wkdw wklv sxqlvkphqw sulfh lv srvlwlyh lq wkh prgho1
Lpsolflwo|/ wklv phdqv wkdw zh duh vwxg|lqj wkh fdvh ri txlwh orz glvfrxqw
idfwruv1 Uhphpehu/ wkdw li wkh glvfrxqw idfwru lv }hur/ wkh zruvw sxqlvk0
phqw frqvlvwv ri wkh Qdvk htxloleulxp sulfh dqg surw lq hdfk shulrg1 Dv
wkh glvfrxqw idfwru lqfuhdvhv iurp }hur/ orzhu sulfhv fdq eh vxvwdlqhg/ iru
hyhq kljkhu glvfrxqw idfwruv qhjdwlyh sulfhv pd| eh vxvwdlqhg1 Iurp Deuhx
+4<;;, lw lv nqrzq wkdw dq| htxloleulxp sd|r fdq eh uhdol}hg lq dq htxlole0
ulxp zlwk vlpsoh vwudwhjlhv/ frqvlvwlqj ri d qrupdo skdvh dqg d sxqlvkphqw
skdvh1 Zh zloo vwxg| htxloleuld zkhuh wkh sxqlvkphqw rqo| odvwv rqh shulrg
0 vwlfn dqg fduurw htxloleuld +fi Deuhx +4<;9,,1 Dv wkh jdph lv v|pphwulf/
zh orrn dw v|pphwulf htxloleuld1
Dv lw wxuqv rxw/ wkh frooxvlyh sulfh pd| eh txlwh kljk dqg lq rughu wr
pdnh vxuh wkdw wkh pdunhw lv fryhuhg/ wkh iroorzlqj dvvxpswlrq 0 zklfk lv





Vxssrvh erwk upv vhw Rc wkh ehvw ghyldwlrq lv wr R_ dv jlyhq lq +;,1
Qrwlfh/ wkdw li R	R ￿ '|*c wkh ghyldwlrq sulfh lv kljkhu wkdq wkh ruljlqdo
sulfh1 Lq wklv fdvh wkh xqlqiruphg frqvxphuv jhw dq xqsohdvdqw vxusulvh dqg
4;wkh| zrxog kdyh suhihuuhg wr jr wr wkh rwkhu up li wkh| kdg ehhq dzduh
ri wkh kljkhu sulfh1 Krzhyhu/ wkh ghyldwlrq sulfh lv vwloo ehorz wkh Qdvk
htxloleulxp sulfh/ dqg doo frqvxphuv suhihu wr ex| dw wklv sulfh udwkhu wkdq
qrw ex|lqj1 Wkh dvvrfldwhg ghyldwlrq surw lv jlyhq e| +<,1
Frqvlghu wkh iroorzlqj suhvfulswlrq iru vwlfn dqg fduurw vwudwhjlhv1 Ohw
R eh d +kljk, qrupdo sulfh dqg ^ d +orz, sxqlvkphqw sulfh1 Erwk upv vhw R
lq wkh uvw shulrg dqg vhw R lq hdfk shulrg zkhuh R 0r u^0 zhuh vhw e| erwk
upv lq wkh suhylrxv shulrg1 Li d up ghyldwhv iurp wklv suhvfulswlrq/ erwk
upv vhw ^ iru rqh shulrg dqg wkhq uhwxuq wr vhwwlqj R1L id u pg h y l d w h vi u r p
wklv/ wkh| erwk vhw ^ iru rqh shulrg dqg wkhq uhwxuq wr vhwwlqj R Frqvxphuv
h{shfwdwlrqv pluuru wklv/ wkh| vwduw e| h{shfwlqj Re ' R Li lq wkh suhylrxv
shulrg sulfhv zhuh R ru ^ wkh| h{shfw Re ' Rc rwkhuzlvh wkh| h{shfw Re ' ^
Zlwk wkhvh vwudwhjlhv d ghyldwlrq iurp wkh qrupdo skdvh +ru wkh sxq0
lvkphqw skdvh, lv sxqlvkhg e| rqh wlph fkrrvlqj d edg sulfh/ ^c dqg wkhq
uhwxuqlqj wr wkh qrupdo skdvh1 Wkh qrupdo skdvh surw lv ZER'R*2 Wkh












Wkh suhvhqw ydoxh ri fkrrvlqj wkh qrupdo skdvh sulfh R vkrxog htxdo wkh
ghyldwlrq surw soxv wkh suhvhqw ydoxh ri ehlqj sxqlvkhg iru d shulrg dqg wkhq
uhwxuqlqj wr wkh qrupdo skdvh1 D up pd| ghyldwh iurp wkh sxqlvkphqw Wklv
zloo eh sxqlvkhg e| d uhvwduw ri wkh sxqlvkphqw skdvh1 Lw lv qrw dwwudfwlyh













zklfk zh fdq uhzulwh
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_E^ +49,
4<Lq wkh rswlpdo htxloleulxp +47, dqg +49, duh erwk ixooohg zlwk htxdolw|1

































Zlwk wzr sdluv ri vroxwlrqv/ R ' ^ ' |* ' R￿ dqg
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Fohduo|/ ^ lv rqo| srvlwlyh li B	 * H Xqghu dvvxpswlrq +46,/ wkh frqvxphu
lq wkh plggoh lv zloolqj wr ex| dw R 'E nH B |
￿Lw lv hdv| wr fkhfn wkdw R lv
kljkhu wkdq wkh frooxvlyh sulfh zklfk fdq eh vxvwdlqhg e| d sxqlvkphqw skdvh
frqvlvwlqj ri uhyhuvlrq wr wkh rqh vkrw Qdvk htxloleulxp jlyhq e| +45, zkhq
f 	B	 * 2 
Lw lv fohdu iurp +4:, wkdw wkh frooxvlyh surw zlwk rswlpdo vwlfn dqg fduurw
sxqlvkphqwv lv ghfuhdvlqj lq 
: Wudqvsduhqf| rq wkh surgxfhu vlgh
Vr idu zh kdyh frqfhqwudwhg rq pdunhw wudqvsduhqf| rq wkh frqvxphu vlgh1
Lq wklv vhfwlrq zh lqfoxgh wudqvsduhqf| rq wkh surgxfhu vlgh ri wkh pdunhw1
Mxvw dv lv wkh fdvh zlwk frqvxphuv/ zh qrz dvvxph wkdw d up rqo| revhuyh
wkh rwkhu up*v sulfh zlwk vrph suredelolw|/ # 5ofcdc zklfk pd| ru pd| qrw
eh htxdo wr  Wkh idfw wkdw upv pd| qrw revhuyh hdfk rwkhu*v sulfh fdq
dhfw wkh srvvlelolw| ri pdlqwdlqlqj wdflw frooxvlrq1 D up pd| ghyldwh lq d
shulrg dqg wkh rwkhu up pd| qrw vhh wkdw lw ghyldwhg1 Krzhyhu/ wkh rwkhu
up zloo qg wkdw lwv ghpdqg ghfuhdvhv dqg lq wklv zd| lw zloo eh deoh wr lqihu
wkdw wkh rwkhu up ghyldwhg1 Khqfh/ dv lv zhoo nqrzq iurp wkh olwhudwxuh/
53lqwurgxflqj lpshuihfw prqlwrulqj shu vh grhv qrw fkdqjh wkh srvvlelolw| ri
frooxvlrq1 Wklv lv gxh wr wkh dvvxpswlrq wkdw wkh pdunhw vl}h lv {hg dqg
nqrzq wr erwk upv1 Lq wklv vhfwlrq zh zloo wkhuhiruh dvvxph wkdw wkh pdunhw
vl}h lv vwrfkdvwlf1 Li d up h{shulhqfhv wkdw wkh ghpdqg iru lwv surgxfw idoov
dqg lw grhv qrw revhuyh wkh sulfh ri wkh rwkhu up/ lw fdqqrw nqrz iru vxuh
zkhwkhu wkh ghfolqh lq ghpdqg zdv fdxvhg e| d edg vkrfn wr wkh pdunhw ru
e| d orz sulfh vhw e| wkh rwkhu up1
Wr eh vshflf/ zh qrz dvvxph wkdw lq d shulrg/ hdfk frqvxphu ghpdqgv r
 f xqlwv ru }hur xqlwv ri wkh jrrg/ zkhuh r lv d vwrfkdvwlf yduldeoh1 Rwkhuzlvh
wkh ghvfulswlrq ri wkh frqvxphuv lv dv ehiruh1 Lq sduwlfxodu d frqvxphu rqo|
ylvlwv rqh up1 Wklv lpsolhv wkdw wkh ghpdqg ixqfwlrqv idflqj wkh upv duh
dv suhylrxvo|1 Iru iru lqvwdqfh wkh ghpdqg idflqj up f iurp frqvxphuv zkr









dqg vr iruwk1 Wkh yduldeoh r u h s u h v h q w vw k hv l } hr iw k hp d u n h w 1Z hd v v x p h
wkdw r lv glvwulexwhg lghqwlfdoo| dqg lqghshqghqwo| lq doo shulrgv dffruglqj
wr wkh glvwulexwlrq ixqfwlrq Erc dqg wkh h{shfwhg vl}h ri wkh pdunhw lv rqh/
U
r rEr' Zh dovr dvvxph wkdw dfco lv frqwdlqhg lq wkh vxssruw ri 1
Khqfh dq| ghfuhdvh lq ghpdqg lv srvvleoh iru d up1 Wkh upv gr qrw ohduq
r ehiruh fkrrvlqj sulfhv1 Dw wklv vwdjh/ upv wkhuhiruh h{shfw wkh pdunhw wr
kdyh vl}h rqh1 Iluvw upv fkrrvh sulfhv/ wkhq wkh pdunhw vl}h r lv uhdol}hg1
Ilupv duh dvvxphg wr pd{lpl}h h{shfwhg surwv1 Zlwk wklv irupxodwlrq wkh
irupxodv iru h{shfwhg surwv duh htxdo wr wkh surw h{suhvvlrqv deryh/ iru
lqvwdqfh Z6 lv vwloo jlyhq e| E.c wkh ghyldwlrq surw lv jlyhq e| +<, hwf1
Zh zloo uhvwulfw rxuvhoyhv wr orrn dw dq rswlpdo wuljjhu vwudwhj| htxlole0
ulxp zkhuh wkh sxqlvkphqw skdvh frqvlvwv ri uhyhuvlrq wr wkh rqh vkrw Qdvk
htxloleulxp1 Wkhuh fdq eh glhuhqw nlqgv ri vxfk htxloleuld dffruglqj wr krz
54wkh sxqlvkphqw skdvh lv wuljjhuhg1 Zkhq d up lv idfhg zlwk d yhu| orz
ghpdqg lq d shulrg zkhuh lw grhv qrw revhuyh wkh sulfh ri wkh rwkhu up/ lw
pd| kdyh uhdvrq wr eholhyh wkdw wkh rwkhu up ghyldwhg dqg zlvk wr lqlwldwh
wkh sxqlvkphqw skdvh1 Wklv lv wkh zd| Juhhq dqg Sruwhu +4<;7, frqvwuxfw dq
htxloleulxp1 Lq wkhlu zrun wkhuh duh qr srvvlelolwlhv iru wkh upv iru revhuylqj
hdfk rwkhu*v sulfhv1 Lq rxu vhw xs upv gr revhuyh hdfk rwkhu*v sulfhv +zlwk
vrph suredelolw|,1 Zh zloo irfxv rq htxloleuld zkhuh sxqlvkphqwv duh rqo|
lqlwldwhg li d up dfwxdoo| vhhv wkdw wkh rwkhu up ghyldwhg1 Khqfh/ wkh htxl0
oleulxp vwudwhjlhv duh dv iroorzv1 Lq wkh uvw shulrg wkh upv erwk fkrrvh
wkh frooxvlyh sulfh R Wkh| frqwlqxh wr gr vr xqwlo d up fkrrvhv dqrwkhu
sulfh dqg wklv lv revhuyhg e| wkh rwkhu up1 Lq wklv vhfwlrq zh zloo dvvxph
wkdw li wkh ghyldwlrq lv revhuyhg e| wkh rwkhu up/ wklv idfw ehfrphv frpprq
nqrzohgjh dprqj wkh upv1 Rqh frxog lpdjlqh wkdw zlwk vrph suredelolw|
d qhzvsdshu zulwhv derxw wkh hyhqw/ lq wklv fdvh erwk upv duh dzduh wkdw
wkh rwkhu up revhuyhg wkh ghyldwlrq1 Khqfh/ dw wkh vwduw ri wkh qh{w shulrg
wkh ghyldwlqj up nqrzv zkhwkhu lwv ghyldwlrq zdv revhuyhg ru qrw1 Li wkh
ghyldwlrq zdv revhuyhg/ erwk upv fkrrvh wkh Qdvk htxloleulxp sulfh iru
doo vxevhtxhqw shulrgv1 Frqvxphuv* h{shfwdwlrqv pluuru wklv1 Wkh| h{shfw
erwk upv wr fkrrvh wkh frooxvlyh sulfh/ xqwlo wkh| revhuyh d ghyldwlrq/ zklfk
wkh rwkhu up ohduqv1 Diwhu wkdw wkh| h{shfw wkh rqh vkrw Qdvk htxloleulxp
shulrg iru doo vxevhtxhqw shulrgv1











ZE R  +4;,
Lqvhuwlqj wkh uhohydqw h{suhvvlrqv |lhogv wkdw wkh upv duh deoh wr frooxgh rq
wkh prqrsro| sulfh R6 li wkh glvfrxqw idfwru ixooov
B  e B 
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+4<,
55Lw lv uhdglo| vhhq wkdw e B lv lqfuhdvlqj lq  +dv lq wkh suhylrxv vhfwlrq, dqg
ghfuhdvlqj lq # Wklv lv dv h{shfwhg/ wkh vpdoohu wkh olnholkrrg wkdw d ghihfwlrq
lv ghwhfwhg/ wkh kdughu lv frooxvlrq wr vxvwdlq1 Wklv vkrzv xs lq d orzhu
vpdoohvw glvfrxqw idfwru qhfhvvdu| iru vxvwdlqlqj frooxvlrq rq wkh prqrsro|
sulfh1 Li wkh glvfrxqw idfwru lv ehorz e Bc zh qg e| lqvhuwlqj lq +4;, wkdw wkh
kljkhvw sulfh wkh upv duh deoh wr vxvwdlq lv
R '





zklfk lv lqfuhdvlqj lq # dqg ghfuhdvlqj lq 
Wkh hhfw ri dq htxdo ulvh lq wudqvsduhqf| htxdo wr { rq erwk vlghv fdq











D jhqhudo ulvh lq wudqvsduhqf| orzhuv wkh frooxvlyh sulfh li dqg rqo| li sur0
gxfhu wudqvsduhqf| lv qrw wrr vpdoo frpsduhg zlwk frqvxphu wudqvsduhqf|/
rwkhuzlvh wkh frooxvlyh sulfh lv lqfuhdvhg1 Wklv lv lqwxlwlyh= li frqvxphu wudqv0
sduhqf| lv yhu| kljk/ dqg surgxfhu wudqvsduhqf| yhu| orz/ wkhq wkh hhfw ri
lqfuhdvlqj jhqhudo wudqvsduhqf| lv prvw lpsruwdqw rq wkh surgxfhu vlgh/ dqg
wklv lv wkh vlgh zkhuh frooxvlrq lv idflolwdwhg e| dq lqfuhdvh lq wudqvsduhqf|1
D qdwxudo ehqfkpdun fdvh wr frqvlghu lv wkh fdvh zkhuh wkh lqirupdwlrq
 rzv htxdoo| hdvlo| rq erwk vlghv ri wkh pdunhw1 Lq wklv fdvh wkh suredelolw|
wkdw d udqgrpo| fkrvhq frqvxphu nqrzv sulfhv/ c htxdov wkh suredelolw|
wkdw d up nqrzv wkh sulfh ri wkh rwkhu up/ #1 Lq wklv fdvh/ zkhuh # ' c
wkh wudqvsduhqf| lv wkh vdph rq erwk vlghv ri wkh pdunhw1 Iru wklv fdvh zh
jhw
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zklfk lv ghfuhdvlqj lq  Zh frqfoxgh wkdw li wudqvsduhqf| lv htxdo rq erwk
vlghv ri wkh pdunhw/ lpsurylqj wudqvsduhqf| pdnhv frooxvlrq kdughu1 Khqfh
lqfuhdvlqj wudqvsduhqf| lv xdpeljxrxvo| jrrg iru frqvxphuv dqg edg iru
upv1
; Frqfoxglqj uhpdunv
Wklv sdshu kdv dqdo|}hg wkh hhfw rq wdflw frooxvlrq iurp dq lqfuhdvh lq
pdunhw wudqvsduhqf|1 Lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq wudqvsduhqf|
rq wkh frqvxphu vlgh dqg rq wkh surgxfhu vlgh1 Wkh uvw sduw ri wkh sdshu
irfxvhg rq wkh frqvxphu vlgh1 Lq d vwdwlf htxloleulxp/ lqfuhdvhg wudqvsduhqf|
xqdpeljxrxvo| lqfuhdvh frpshwlwlrq dqg orzhuv sulfhv dqg surwv zkloh frq0
vxphuv* vxusoxv lqfuhdvh1 Zkhq upv phhw uhshdwhgo| lq wkh pdunhw dqg vhhn
wr frooxgh wdflwo|/ wkhuh duh wzr hhfwv1 Lqfuhdvlqj wudqvsduhqf| rq wkh frq0
vxphu vlgh lqfuhdvhv wkh whpswdwlrq wr xqghufxw wkh rwkhu up lq wkh prvw
frooxvlyh htxloleulxp/ zkloh lw pdnhv wkh sxqlvkphqw kdughu lq wkh wuljjhu
vwudwhj| htxloleulxp zlwk Qdvk sxqlvkphqw1 Wkh wzr hhfwv gudz lq glhu0
hqw gluhfwlrqv/ exw wkh uvw hhfw grplqdwhv/ lqfuhdvlqj wudqvsduhqf| pdnhv
frooxvlrq pruh gl!fxow dqg lv sur0frpshwlwlyh1 Wklv uhvxow dovr krogv wuxh
iru wkh htxloleulxp zlwk rswlpdo sxqlvkphqwv1 Lq wkh prgho ri wkh sdshu wkh
frqfoxvlrq lv xqdpeljxrxv= pruh wudqvsduhqf| rq wkh frqvxphu vlgh lv sur0
frpshwlwlyh1 Wudqvsduhqf| lq wkh surgxfhu vlgh/ kdyh dq rssrvlwh hhfw1 Wkh
pruh wudqvsduhqw wkh pdunhw/ wkh pruh olnho| ghihfwlrqv iurp frooxvlyh sod|
duh ghwhfwhg dqg wklv idflolwdwhv frooxvlrq1 Lq d vlpsoh htxloleulxp zlwk Qdvk
57sxqlvkphqwv wkh frqvxphu vlgh hhfw grplqdwhv1 Lqfuhdvlqj wudqvsduhqf| lq
erwk vlghv ri wkh pdunhw ghvwdelol}hv frooxvlrq1
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